Abstract. With respect to cofactor requirements, NADH, and FMNH, were equally effective as electron donors for nitrate reductase obtained from leaves of maize, marrow, and spinach, when the oofactors were supplied in optimal concentrations. The concentration of FMNH2 required to obtain half-maximal activity was from 40-to 100-fold higher than for NADH. For maximal activity with the corn enzyme, 0.8 millimolar FMNH., was required. 
A half-life for nitrate reductase of approximately 4 hours was estimated from the inactivation studies with excised corn seedlings. Similar half-life values were obtained when seedlings were incubated at 350 in a medium containing nitrate and cycloheximide (to inhibit protein synthesis), or when both nitrate and cycloheximide were omitted.
In those instances where NADH activity but not FMNH. activity was lost due to treatment (temperature, removal of sulfhydryl agents, addition of p-chloromercuribenzoate), the loss could be explained by inactivation of the sulfhydryl group(s) required for NADH activity. This was verified by reactivation with exogenous cysteine.
Based on these current findings, and previous work, it is concluded that nitrate reductase is a single moiety with the ability to utilize either NADH or FMNH., as cofactor. However the high concentration of FMNH., required for optimal activity suggests that in vivo NADH is the electron donor and that nitrate reductase in higher plants should be designated NADH:nitrate reductase (E.C. 1.6.6.1).
It is comnmonlv reported (4, 5, 6, 17, 19. 23 ) that light is coupled to nitrate reduction via 'NADPH and that the enzyme is NAD (P)H :nitrate oxidoreductase (E.C. 1.6.6.2). In 1954, Nicholas and Nason (21) demonstrated that enzymatically reduced flavins would also serve as electron donors for the NADPH :nitrate oxidoreductase (E.C. 1.6.6.3) obtained from Neur0ospora. Although this enzyme catalyzed 3 electron transfer steps, namely 'NADPH -*FA D--molvbdenum--*nitrate, evidence suggested that it was a single protein, a belief still held 10 years later ( 10).
With respect to higher plants, Stoy (26) reported that riboflavin, photoreduced under anaerobic conditions, was niore effective as an electron donor to desnius and that the lack of photosynthate to produce NADH was responsible for the inability of the algae to reduce nitrate. The work of Beevers et al. (2) shows that nitrate reductase from 16 species of higher plants has a specific or preferential requirement for NADH rather than NADPH as cofactor. These findings and other work (24) that demonstrates that nitrate reductase is not localized within the chloroplasts support Kessler's view (13) Redufctases. The extraction of the enzymes was as previously described (3) for corn. Similar extraction procedures were used for other material with minor modifications; e.g., the pH was adjusted to 8.0 and the cysteine concentration lowered to 1.0 mM for spinach and marrow.
When NADHl was used as the electron donor, nitrate reductase was assayed by a modification (3) of the original method of Evans and Nason (6) except that the phosphate buffer was 25 mm. The reaction was terminated and interfering substances eliminated by adding 0.1 ml of 1.0 M zinc acetate and 3.0 ml 95 % ethanol (20) heximide ( fig 2B) . Similar decay rates were obtained with NADH or FMNH2 assay and the half-life was 3.5 hours. This demonstrated that cycloheximide did not cause breakdown of nitrate reductase.
In this and other experiments the higher (4-fold) initial level and slower loss of activity (9 hr half-life, fig 2A) of the nitrite reductase from the same extracts provide convincing evidence that nitrate reductase is the rate limiting step in the complete reduction of nitrate. Furthermore, nitrate can and does accumulate to high concentrations (5000 Kg NO,-, g fr wt-1) in corn leaf tissue with no apparent injury to the plant, whereas nitrite does not accumulate (not higher than 1 ,ug N02-, g fr wt-1). The apparent Km's for nitrate and nitrite are 1.4 X 10-4 M and 10-6 m, respectively.
Heat Indufced Loss of Nitrate Reductase in Intact
Seedlitgs. Mattas and Pauli (18) found that intact corn plants exposed to high temperature and moisture stress rapidly lost NADH-dependent nitrate reductase activity, concurrent with nitrate accumulation and cessation of protein synthesis. This work suggested that temperature might inactivate the sulfhydryl containing NAD :reductase without denaturing the FMNH2!(FAD'H2) :nitrate reductase (23) . If this selective denaturation could be demonstrated, evidence would be provided that the FMNH2 :nitrate reductase was not operative in vivo. Accordingly, corn seedlings were grown on a nitrate medium at normal temperatures (day 280, night 240), for 14 days, evaluated for nitrate reductase level, and half of the material was transferred to a comparable growth chamber, except for an increase in temperature (day 380, night 340). No differential loss of FMNH2-or NADH-dependent nitrate reductase activity was noted after a 24 hour stress period although 60 % of the original activity was lost. In contrast, the seedlings maintained at the original temperature exhibited a 20 % increase in nitrate reductase activity. Thus heat induced loss of nitrate reductase in vivo did not differentiallv affect the efficiency of utilization of the 2 cofactors. This result again suggests a single enzyme capable of dual cofactor utilization. figure 4 that the The instability of the NADH activity in the absence of sulfhydryl agents suggested that purifi- Reductase The enszxi,ie xas extracted anid purified from cotyledons of 10-day oltd marrow seedlings by standard procedures (see experimenital metlhods), except for the omission of cysteine from steps 1 through 6 aind the addition of 2 DEAE columnis. Thie initial DEAE column (4 X 12 cm) was equilibrated with 25 mzi tris, pH 7.5. After the enzyme preparatiOn XxaIS placed onto the column, it was washed with a linear tris gradient (25 mM-150 mM, pH 7 5, 600 ml total volume). Nitrate reductase was then eluted from the column using a linear 0.15-0.8 M tris gradient (pH 7.5, 450 nil). The i best ml fractions were cotmposited and diluted with 3 volumes of deionized water (0°) to lower the tris concentration in order that nitrate reductase would adhere to the sccon,d DEAE column (2 X 10 cm). Elution from the second column was accomplished using a linear 0.124.8 M tris gradient (pH 7.5, 400 ml). The eluate (the best eight 20 ml fractions) wais concentrated by (NH4),S) 4 (0-45 %) precipitation, and the resulting precipitate collected by centrifuigation and resuspended in 25 mM phosphate buffer (pH 7.5) 
